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Clinical PerspectiveWhat Is New?In this propensity score weighted analysis of nationally representative data, transcatheter aortic valve replacement (TAVR) was associated with a significant reduction in length of stay and lower odds of transfer to skilled nursing facility, acute kidney injury, bleeding, and cardiogenic shock, compared with if surgical aortic valve replacement was performed in high‐risk octogenarians.Odds of permanent pacemaker implantation, vascular complications, transient ischemic attack/stroke, and in‐hospital mortality did not significantly differ between groups.Advantages of TAVR over surgical aortic valve replacement were consistent between those with low and high comorbidity burden, except for greater reductions in length of stay in the latter group.What Are the Clinical Implications?While TAVR and surgical aortic valve replacement are both reasonable options in high‐risk patients, these results show that TAVR offers more benefits and may be the preferred approach in high‐risk octogenarians, which is a population with low physiologic reserve and frailty.The benefits of TAVR extend to all octogenarians, irrespective of comorbidity burden.

Introduction {#jah33800-sec-0008}
============

Calcific aortic stenosis (AS) is primarily associated with advanced age and affects ≈10% of octogenarians.[1](#jah33800-bib-0001){ref-type="ref"}, [2](#jah33800-bib-0002){ref-type="ref"} According to the US Census Bureau, the octogenarian population is projected to double from 2020 to 2040.[3](#jah33800-bib-0003){ref-type="ref"} Consequently, a proportional increase in the incidence of AS may also be expected. Before the advent of transcatheter aortic valve replacement (TAVR), surgical aortic valve replacement (SAVR) was the only definitive treatment for AS but a substantial proportion of octogenarians with severe symptomatic disease could not receive the procedure because of prohibitive surgical risk.[4](#jah33800-bib-0004){ref-type="ref"} Since first introduced as a modality for prohibitive and high surgical‐risk patients, TAVR is now established as an option for intermediate surgical‐risk patients, with randomized controlled trials ongoing in low surgical‐risk patients.[5](#jah33800-bib-0005){ref-type="ref"}, [6](#jah33800-bib-0006){ref-type="ref"}, [7](#jah33800-bib-0007){ref-type="ref"}, [8](#jah33800-bib-0008){ref-type="ref"} However, patients aged ≥80 years have low physiologic reserve and have been classified by gerontologists as the "very old."[9](#jah33800-bib-0009){ref-type="ref"} Therefore, the true surgical risk in octogenarians may be underestimated by traditional surgical‐risk scores, even for those with few co‐morbidities.

There are limited studies comparing outcomes of TAVR versus SAVR specifically in octogenarians. One single center study showed that octogenarians receiving TAVR had shorter length of stay (LOS) than those receiving SAVR, with comparable operative mortality between groups.[10](#jah33800-bib-0010){ref-type="ref"} Although nationally representative data have been used to compare in‐hospital outcomes after TAVR and SAVR in the United States, no study has been performed specifically in octogenarians.[11](#jah33800-bib-0011){ref-type="ref"} As such, we sought to evaluate TAVR and SAVR use, in‐hospital complications, LOS, and discharge disposition (including mortality) in octogenarians using the National Inpatient Sample (NIS).

Methods {#jah33800-sec-0009}
=======

Study Design and Population {#jah33800-sec-0010}
---------------------------

NIS is the largest all‐payer database of hospitalizations in the United States and represents a 20% stratified random sample of all hospital discharges nationwide.[12](#jah33800-bib-0012){ref-type="ref"} The *International Classification of Diseases, Ninth revision, Clinical Modification* (*ICD‐9‐CM*) diagnostic and procedural codes were used to identify the study population. Institutional review board approval was not required since NIS contains de‐identified patient information.

Hospitalizations of adults between ages 80 and 89 years with aortic valve disorders (*ICD‐9‐CM* 424.1) who underwent either elective TAVR (35.05 and 35.06) or SAVR (35.21 and 35.22) between January 1, 2012 and September 30, 2015, which was chosen as the cutoff date because of *ICD‐10‐CM* implementation, were eligible for inclusion. To limit the analysis to elective procedures, those occurring \>2 days after admission were excluded. Patients who underwent concomitant procedures involving the coronary vessels (00.61--00.69 and 36.00--36.99), were discharged against medical advice or had unknown discharge disposition, or had a history of congenital aortic valve stenosis (746.3), rheumatic aortic stenosis (395.0--395.9), or hypertrophic obstructive cardiomyopathy (425.11) were also excluded. Additionally, patients who underwent SAVR at non‐TAVR centers were excluded. TAVR centers were defined as any hospital performing at least 1 TAVR (irrespective of inclusion/exclusion criteria for the current study) during the year of surgery.

Covariates and Outcomes {#jah33800-sec-0011}
-----------------------

Baseline patient characteristics evaluated were age, sex, race/ethnicity, primary insurance coverage, median household income of the patient\'s ZIP code, and the Charlson Comorbidity Index (CCI), which was determined using the Deyo et al coding scheme.[13](#jah33800-bib-0013){ref-type="ref"} Hospital characteristics, including geographic region, type (rural non‐teaching, urban non‐teaching, or urban teaching), and size (small, medium, or large) were also included.

Outcomes of interest were in‐hospital complications (permanent pacemaker \[PPM\] implantation, acute kidney injury \[AKI\], transient ischemic attack or stroke \[TIA/stroke\], cardiogenic shock, cardiac arrest, bleeding, blood transfusions, and vascular complications), LOS after aortic valve replacement, and discharge disposition. *ICD‐9‐CM* codes used to identify complications are listed in Table [S1](#jah33800-sup-0001){ref-type="supplementary-material"}. Discharge disposition was categorized as home discharge, which included those with home health care, transfer to short‐term hospital, transfer to skilled nursing or intermediate care facility, or death.

Statistical Analysis {#jah33800-sec-0012}
--------------------

Baseline differences between TAVR and SAVR hospitalizations were compared using simple linear regression and Rao‐Scott Chi‐square tests, as appropriate, while accounting for the complex sampling design and clustering within hospitals. A *P*\<0.05 was considered statistically significant. The quarterly rates of TAVR and SAVR procedures per 100 aortic valve replacements were estimated using Poisson regression, and changes in rates over time were evaluated using likelihood ratio tests. Additional trend tests were performed to assess temporal changes for in‐hospital complications, LOS, and discharge disposition, stratified by procedure type. Logistic and linear regressions---where appropriate---were used to assess whether the association of TAVR, compared with SAVR, on in‐hospital complications, LOS after valve replacement, and discharge disposition was differential across CCI (categorized as \<2 and ≥2). Interaction terms were used to assess significant effect modification by CCI.

A propensity score weighted analysis was performed to account for potential confounding.[14](#jah33800-bib-0014){ref-type="ref"} These propensity scores (PS) characterized the probability of each patient undergoing TAVR, compared with SAVR, and were estimated using multivariable logistic regression, adjusting for year, age, sex, race/ethnicity, the individual CCI components, primary insurance coverage, median household income, and hospital region, type, and size, as well as accounting for sampling strategy and clustering. Age was modeled as a restricted cubic spline, which allows for the greatest flexibility and requires the fewest assumptions when modeling continuous variables. Since propensity scores could not be estimated for patients with missing data on any of the above variables, those patients were excluded from the weighted analyses. Trimming was performed at the 1st percentile of TAVR propensity scores and the 99th percentile of SAVR propensity scores to remove non‐overlapping regions of the propensity score distributions. This step was necessary since those patients either represent TAVR patients who always undergo TAVR or SAVR patients who always undergo SAVR, and neither group is at risk for undergoing the other procedure.[14](#jah33800-bib-0014){ref-type="ref"}

A standardized morbidity ratio (SMR) weight was calculated. Those undergoing TAVR were assigned a weight of 1, and those undergoing SAVR were assigned a weight of PS/(1−PS). Applying SMR weights in this manner standardizes the distribution of measured baseline patient and hospital characteristics in SAVR hospitalizations to the distribution observed in TAVR hospitalizations, which represented a high‐risk population given TAVR indications from 2012 to 2015. This technique assesses the effect of TAVR, compared with the effect of SAVR, among high‐risk patients without needing to measure risk levels directly. These SMR weights were then multiplied with the Healthcare Cost and Utilization Project discharge weights to create a final weight for each hospitalization.

Both crude and SMR‐weighted logistic regression, linear regression, and generalized logistic regression models were used to estimate the odds of each in‐hospital complication, average LOS, and the odds of each discharge disposition, respectively, following TAVR, compared with if SAVR was performed (again, sampling and clustering was accounted for). Similar standardized models were used to assess the effects of transapical TAVR (35.06) and endovascular TAVR (35.05) separately, compared with the effects of SAVR, among patients who had undergone TAVR. Finally, the effect of TAVR, compared with if they had undergone SAVR, were compared among patients who underwent SAVR (which represents an all‐risk, and lower risk, patient population), to estimate the effect of treating all AS patients with TAVR. For this analysis, SAVR patients were given a weight of 1 and TAVR patients were weighted as (1−PS)/PS using the same score described above.

Confidence intervals for both the crude and weighted effect estimates were calculated using non‐parametric bootstraps, which accounted for SMR weighting in the standardized models and ensured that unbiased estimates of the standard deviations were obtained. Specifically, the standard deviation for each effect was estimated using 500 resamples with replacement. The design and analysis of this study adhered to best practices for research using the National Inpatient Sample.[15](#jah33800-bib-0015){ref-type="ref"} All analyses were performed using SAS 9.4 (SAS Inc, Cary, NC), and survey procedures were used (PROC SURVEYMEANS, SURVEYFREQ, SURVEYREG, and SURVEYLOGISTIC).

Results {#jah33800-sec-0013}
=======

There were an estimated 28 960 hospitalizations (19 145 TAVR, 9815 SAVR) for elective aortic valve replacement in octogenarians between 2012 and 2015. An endovascular approach was used in 16 230 (85%) TAVR cases, and a transapical approach was used in 2915 (15%) cases. The rate of TAVR per 100 aortic valve replacements in octogenarians grew from 48% in 2012 to 78% in 2015, marking a statistically significant increase over time (*P*\<0.0001) (Figure [1](#jah33800-fig-0001){ref-type="fig"}).

![Quarterly rate of TAVR and SAVR, per 100 aortic valve replacements, in hospitalizations of octogenarians at TAVR‐performing hospitals. SAVR indicates surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.](JAH3-8-e011206-g001){#jah33800-fig-0001}

Octogenarians who underwent TAVR were older (84 years versus 82 years, *P*\<0.0001) and had higher median CCI score (2.0 versus 0.8, *P*\<0.0001) compared with those who underwent SAVR (Table [1](#jah33800-tbl-0001){ref-type="table"}). From 2012 to 2015, the mean CCI score was relatively consistent among patients with TAVR (2.6 in 2012 versus 2.5 in 2015) and SAVR (1.6 versus 1.5) (Figure [2](#jah33800-fig-0002){ref-type="fig"}). TAVR hospitalizations were more likely to occur at urban teaching hospitals (89% versus 86%, *P*=0.004) and in the South (33% versus 25%, *P*\<0.0001) than SAVR hospitalizations (Table [1](#jah33800-tbl-0001){ref-type="table"}).

###### 

Baseline Characteristics of Hospitalizations of Octogenarians Undergoing Aortic Valve Replacement Between 2012 and 2015, Stratified by Procedure Type

                                                                          TAVR 19 145 (66%)   SAVR 9815 (34%)   *P* Value
  ----------------------------------------------------------------------- ------------------- ----------------- -------------------------------------------------
  Age, y, median (IQR)                                                    84 (82--87)         82 (81--84)       \<0.0001[a](#jah33800-note-0003){ref-type="fn"}
  Male, n (%)                                                             9020 (47)           5402 (55)         0.09
  Race/ethnicity, n (%)                                                                                         
  Non‐Hispanic white                                                      16 120 (90)         7975 (89)         0.31
  Non‐Hispanic black                                                      520 (3)             215 (2)           0.30
  Hispanic                                                                620 (3)             395 (4)           0.22
  Other                                                                   675 (4)             400 (4)           0.27
  Missing                                                                 1210                830               ···
  CCI, median (IQR)                                                       2.0 (0.8--3.2)      0.8 (0--1.9)      \<0.0001[a](#jah33800-note-0003){ref-type="fn"}
  Primary insurance, n (%)                                                                                      
  Medicaid/Medicare                                                       18 110 (95)         9230 (94)         0.43
  Private                                                                 755 (4)             430 (4)           0.48
  Other/self‐pay                                                          250 (1)             140 (1)           0.71
  Median household income, n (%)[b](#jah33800-note-0004){ref-type="fn"}                                         
  Low                                                                     3885 (21)           1695 (18)         0.007[a](#jah33800-note-0003){ref-type="fn"}
  Medium                                                                  4765 (25)           2160 (24)         0.02[a](#jah33800-note-0003){ref-type="fn"}
  High                                                                    4820 (26)           2665 (27)         0.10
  Highest                                                                 5365 (28)           3100 (32)         0.007[a](#jah33800-note-0003){ref-type="fn"}
  Hospital region, n (%)                                                                                        
  Northeast                                                               4620 (24)           2830 (29)         0.003[a](#jah33800-note-0003){ref-type="fn"}
  Midwest                                                                 4555 (24)           2570 (26)         0.14
  South                                                                   6290 (33)           2490 (25)         \<0.0001[a](#jah33800-note-0003){ref-type="fn"}
  West                                                                    3680 (19)           120 (1)           0.82
  Hospital type, n (%)                                                                                          
  Rural, non‐teaching                                                     160 (1)             120 (1)           0.12
  Urban, non‐teaching                                                     1930 (10)           1270 (13)         0.009[a](#jah33800-note-0003){ref-type="fn"}
  Urban, teaching                                                         17 055 (89)         8425 (86)         0.004[a](#jah33800-note-0003){ref-type="fn"}
  Hospital size, n (%)[c](#jah33800-note-0005){ref-type="fn"}                                                   
  Small                                                                   1025 (5)            475 (5)           0.57
  Medium                                                                  3520 (18)           1665 (17)         0.27
  Large                                                                   14 600 (76)         7675 (78)         0.20

CCI indicates Charlson Comorbidity Index; IQR, interquartile range; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.

Statistical significance.

Median household income for each patient\'s ZIP code was characterized into quartiles, each year.

Hospital size was based on the number of short‐term acute care hospital beds; cut points were chosen for each region and location combination so that approximately one third of hospitals would appear in each category.

![Average CCI score among hospitalizations of octogenarians undergoing aortic valve replacement at TAVR‐performing hospitals, stratified by procedure type. CCI indicates Charlson comorbidity index; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement. *P*‐values for trend: TAVR *P*=0.03, SAVR *P*=0.06.](JAH3-8-e011206-g002){#jah33800-fig-0002}

In octogenarians, TAVR was associated with lower incidence of AKI (13% versus 17%, *P*=0.0006), bleeding (33% versus 51%, *P*\<0.0001), blood transfusions (18% versus 38%, *P*\<0.0001), and cardiogenic shock (2% versus 3%, *P*=0.007) but higher incidence of PPM (11% versus 6%, *P*\<0.0001) and vascular complications (5% versus 4%, *P*=0.02) compared with SAVR (Table [2](#jah33800-tbl-0002){ref-type="table"}). Incidence of TIA/stroke (3% for TAVR versus 3% for SAVR, *P*=0.71) and in‐hospital mortality (3% versus 2%, *P*=0.26) did not significantly differ between groups. TAVR was associated with shorter median LOS (3.8 days versus 6.2 days, *P*\<0.0001) and a higher proportion of home discharges (69% versus 52%, *P*\<0.0001) compared with SAVR. When stratifying by comorbidity burden, the reduction in LOS after TAVR, compared with after SAVR, was significantly greater for octogenarians with higher CCI score (CCI \<2: change in estimate −2.61 days, 95% CI −2.99, −2.22; CCI ≥2: −3.56, 95% CI −4.09, −3.04, *P*=0.004) (Table [3](#jah33800-tbl-0003){ref-type="table"}). All other effects were consistent across CCI.

###### 

Crude Incidence of In‐Hospital Complications, LOS, and Discharge Disposition in Hospitalizations of Octogenarians Undergoing Aortic Valve Replacement, Stratified by Procedure Type

                                       TAVR 19 145 (66%)   SAVR 9815 (34%)   OR (95% CI)         *P* Value
  ------------------------------------ ------------------- ----------------- ------------------- -------------------------------------------------
  In‐hospital complications, n (%)                                                               
  Permanent pacemaker implantation     2060 (11)           615 (6)           1.80 (1.46, 2.23)   \<0.0001[a](#jah33800-note-0007){ref-type="fn"}
  Transient ischemic attack/stroke     560 (3)             305 (3)           0.94 (0.67, 1.31)   0.71
  Cardiogenic shock                    330 (2)             270 (3)           0.62 (0.44, 0.88)   0.007[a](#jah33800-note-0007){ref-type="fn"}
  Cardiac arrest                       505 (3)             200 (2)           1.30 (0.91, 1.86)   0.14
  Acute kidney injury                  2580 (13)           1655 (17)         0.77 (0.66, 0.89)   0.0006[a](#jah33800-note-0007){ref-type="fn"}
  Any bleeding                         6410 (33)           5045 (51)         0.48 (0.42, 0.54)   \<0.0001[a](#jah33800-note-0007){ref-type="fn"}
  Blood transfusion                    3410 (18)           3765 (38)         0.35 (0.30, 0.40)   \<0.0001[a](#jah33800-note-0007){ref-type="fn"}
  Vascular complications               995 (5)             375 (4)           1.38 (1.05, 1.82)   0.02[a](#jah33800-note-0007){ref-type="fn"}
  Discharge disposition, n (%)                                                                   
  Routine                              13 220 (69)         5115 (52)         2.05 (1.81, 2.32)   \<0.0001[a](#jah33800-note-0007){ref-type="fn"}
  Transfer, short term hospital        115 (1)             105 (1)           0.56 (034, 0.93)    \<0.0001[a](#jah33800-note-0007){ref-type="fn"}
  Transfer, skilled nursing facility   5310 (28)           4385 (45)         0.48 (0.42, 0.54)   \<0.0001[a](#jah33800-note-0007){ref-type="fn"}
  Death                                500 (3)             210 (2)           1.23 (0.86, 1.76)   0.26

                                      TAVR 19 145 (66%)   SAVR 9815 (34%)   CIE (95% CI)           *P* Value
  ----------------------------------- ------------------- ----------------- ---------------------- -------------------------------------------------
  LOS after AVR, days, median (IQR)   3.8 (2.3--5.9)      6.2 (4.8--8.3)    −2.83 (−3.14, −2.52)   \<0.0001[a](#jah33800-note-0007){ref-type="fn"}

AVR indicates aortic valve replacement; CIE, change in estimate; IQR, interquartile range; LOS, length of stay; OR, odds ratio; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.

Statistical significance.

###### 

Crude Effect of Transcatheter Aortic Valve Replacement, Compared With Surgical Aortic Valve Replacement, on Hospital Complications, LOS, and Discharge Disposition in Hospitalizations of Octogenarians Undergoing Aortic Valve Replacement, Stratified by Charlson Comorbidity Index

                                       CCI \<2 OR (95% CI)   CCI ≥2 OR (95% CI)   *P* Value[a](#jah33800-note-0009){ref-type="fn"}
  ------------------------------------ --------------------- -------------------- --------------------------------------------------
  In‐hospital complications                                                       
  Permanent pacemaker implantation     1.72 (1.25, 2.38)     1.66 (1.23, 2.25)    0.88
  Transient ischemic attack/stroke     0.89 (0.52, 1.52)     0.88 (0.57, 1.36)    0.97
  Cardiogenic shock                    0.57 (0.29, 1.11)     0.54 (0.35, 0.83)    0.88
  Cardiac arrest                       1.03 (0.60, 1.75)     1.68 (0.96, 2.96)    0.22
  Acute kidney injury                  0.58 (0.43, 0.80)     0.58 (0.48, 0.69)    0.96
  Any bleeding                         0.49 (0.40, 0.59)     0.42 (0.35, 0.50)    0.25
  Blood transfusion                    0.28 (0.23, 0.35)     0.37 (0.31, 0.44)    0.06
  Vascular complications               1.24 (0.82, 1.88)     1.39 (0.95, 2.03)    0.68
  Discharge disposition                                                           
  Routine                              2.41 (2.01, 2.91)     2.16 (1.83, 2.54)    0.35
  Transfer, short‐term hospital        0.35 (0.13, 0.96)     0.81 (0.34, 1.92)    0.26
  Transfer, skilled nursing facility   0.41 (0.34, 0.49)     0.45 (0.38, 0.53)    0.43
  Death                                1.14 (0.62, 2.10)     1.10 (0.69, 1.78)    0.94

                        CIE (95% CI)           CIE (95% CI)           *P* Value[a](#jah33800-note-0009){ref-type="fn"}
  --------------------- ---------------------- ---------------------- --------------------------------------------------
  LOS after AVR, days   −2.61 (−2.99, −2.22)   −3.56 (−4.09, −3.04)   0.004

AVR indicates aortic valve replacement; CCI, Charlson Comorbidity Index; CIE, change in estimate; LOS, length of stay; OR, odds ratio.

Testing the statistical significance of Charlson Comorbidity Index (\<2 vs ≥2) as an interaction term for the association between TAVR and in‐hospital complication, discharge disposition, and LOS after AVR.

Among TAVR hospitalizations, between 2012 and 2015, there were significant reductions in incidence of AKI (16% in 2012 versus 10% in 2015, *P*\<0.0001), bleeding (37% versus 30%, *P*\<0.0001), blood transfusions (29% versus 11%, *P*\<0.0001), and vascular complications (7% versus 5%, *P*\<0.0001), but a significant rise in the incidence of PPM (10% versus 12%, *P*=0.0005) (Figure [3](#jah33800-fig-0003){ref-type="fig"}A). Among SAVR hospitalizations during the same time period, there was a significant decrease in the incidence of blood transfusions (42% in 2012 versus 35% in 2015, *P*\<0.0001), but a significant increase in the incidence of bleeding (44% versus 59%, *P*\<0.0001) (Figure [3](#jah33800-fig-0003){ref-type="fig"}B). From 2012 to 2015, there were also significant decreases in the incidence of in‐hospital mortality after TAVR (4% versus 2%, *P*\<0.0001) and SAVR (3% versus 2%, *P*=0.007).

![Incidence of in‐hospital mortality and complications in hospitalizations of octogenarians undergoing (**A**) transcatheter aortic valve replacement (TAVR) and (**B**) surgical aortic valve replacement (SAVR), between 2012 and 2015. Crude results; (**A**) *P*‐values for trend: permanent pacemaker implantation *P*=0.0005, stroke *P*=0.13, acute kidney injury *P*\<0.0001, bleeding *P*\<0.0001, blood transfusion *P*\<0.0001, vascular complications *P*\<0.0001, mortality *P*\<0.0001; (**B**) *P*‐values for trend: permanent pacemaker implantation *P*=0.18, stroke *P*=0.08, acute kidney injury *P*=0.86, bleeding *P*\<0.0001 blood transfusion *P*\<0.0001, vascular complications *P*=0.12, mortality *P*=0.007. PPM indicates permanent pacemaker.](JAH3-8-e011206-g003){#jah33800-fig-0003}

From 2012 to 2015, average LOS decreased both for TAVR (5.7 days in 2012 versus 4.6 days in 2015, *P*\<0.0001) and for SAVR (8.3 versus 8.0, *P*=0.003) (Figure [4](#jah33800-fig-0004){ref-type="fig"}). Additionally, the proportion of home discharges after TAVR significantly increased (64% versus 75%, *P*\<0.0001), but the proportion after SAVR remained consistent (52% versus 55%, *P*=0.08).

![Trends in (**A**) average length of stay and (**B**) routine discharges after valve replacement among hospitalizations of octogenarians undergoing aortic valve replacement at TAVR‐performing hospitals between 2012 and 2015, stratified by procedure type. Crude results; (**A**) *P*‐values for trend: TAVR *P*\<0.0001, SAVR *P*=0.003; (**B**) *P*‐values for trend: TAVR *P*\<0.0001, SAVR *P*=0.08. SAVR indicates surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.](JAH3-8-e011206-g004){#jah33800-fig-0004}

After excluding patients with missing data and trimming non‐overlapping ends of the propensity score distributions, the propensity score analysis sample included 15 095 weighted TAVR hospitalizations and 7640 weighted SAVR hospitalizations, which represented 79% and 78%, respectively, of the 2 groups in the original sample (Tables [S2](#jah33800-sup-0001){ref-type="supplementary-material"} and [S3](#jah33800-sup-0001){ref-type="supplementary-material"}). After standardizing to TAVR patients, TAVR was less likely to be associated with AKI (odds ratio \[OR\] 0.55, 95% CI 0.45, 0.68), bleeding (OR 0.44, 95% CI 0.37, 0.53), blood transfusions (OR 0.36, 95% CI 0.30, 0.44), or cardiogenic shock (OR 0.55, 95% CI 0.33, 0.92), compared with if SAVR was performed (Table [4](#jah33800-tbl-0004){ref-type="table"}). No significant differences were observed in the odds of PPM (OR 1.34, 95% CI 0.96, 1.85), TIA/stroke (OR 1.10, 95% CI 0.60, 1.99), cardiac arrest (OR 0.86, 95% CI 0.46, 1.59), vascular complications (OR 1.29, 95% CI 0.82, 2.03), or in‐hospital mortality (OR 0.60, 95% CI 0.32, 1.11) between the 2 groups. TAVR was also associated with lower odds of transfer to skilled nursing facility (OR 0.34, 95% CI 0.29, 0.41) and shorter LOS (change in estimate −3.29 days, 95% CI −3.82, −2.75).

###### 

Standardized Effect of Undergoing TAVR, Compared With Undergoing SAVR, on In‐Hospital Complications, Discharge Disposition, and LOS After Valve Replacement

                                                                 TAVR Patients[a](#jah33800-note-0011){ref-type="fn"}   SAVR Patients[b](#jah33800-note-0012){ref-type="fn"}                       
  -------------------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------ ------------------- -------------------
  In‐hospital complications                                                                                                                                                                        
  Permanent pacemaker implantation                               1.34 (0.96, 1.85)                                      0.88 (0.56, 1.39)                                      1.43 (1.02, 1.99)   1.70 (1.30, 2.21)
  Transient ischemic attack/stroke                               1.10 (0.60, 1.99)                                      1.18 (0.54, 2.55)                                      1.08 (0.59, 1.98)   1.12 (0.72, 1.73)
  Cardiogenic shock                                              0.55 (0.33, 0.92)                                      0.98 (0.49, 2.00)                                      0.47 (0.28, 0.80)   0.51 (0.30, 0.84)
  Cardiac arrest                                                 0.86 (0.46, 1.59)                                      0.90 (0.38, 2.11)                                      0.85 (0.45, 1.59)   0.90 (0.55, 1.46)
  Acute kidney injury                                            0.55 (0.45, 0.68)                                      1.05 (0.78, 1.41)                                      0.47 (0.38, 0.59)   0.56 (0.46, 0.69)
  Any bleeding                                                   0.44 (0.37, 0.53)                                      0.67 (0.53, 0.86)                                      0.41 (0.34, 0.48)   0.46 (0.40, 0.54)
  Blood transfusion                                              0.36 (0.30, 0.44)                                      0.75 (0.58, 0.97)                                      0.30 (0.25, 0.37)   0.40 (0.34, 0.48)
  Vascular complications                                         1.29 (0.82, 2.03)                                      0.67 (0.33, 1.36)                                      1.41 (0.90, 2.23)   1.13 (0.78, 1.62)
  Discharge disposition[d](#jah33800-note-0014){ref-type="fn"}                                                                                                                                     
  Transfer, short term hospital                                  0.45 (0.15, 1.32)                                      NA                                                     0.46 (0.16, 1.34)   0.62 (027, 1.45)
  Transfer, skilled nursing facility                             0.34 (0.29, 0.41)                                      0.86 (0.67, 1.09)                                      0.28 (0.23, 0.34)   0.43 (0.36, 0.50)
  Death                                                          0.60 (0.32, 1.11)                                      1.24 (0.57, 2.69)                                      0.52 (0.28, 0.98)   0.68 (0.42, 1.11)

                        CIE (95% CI)[c](#jah33800-note-0013){ref-type="fn"}   CIE (95% CI)[c](#jah33800-note-0013){ref-type="fn"}   CIE (95% CI)[c](#jah33800-note-0013){ref-type="fn"}   CIE (95% CI)[c](#jah33800-note-0013){ref-type="fn"}
  --------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
  LOS after AVR, days   −3.29 (−3.82, −2.75)                                  −0.59 (−1.32, 0.14)                                   −3.79 (−4.32, −3.25)                                  −2.82 (−3.25, −2.38)

AVR indicates aortic valve replacement; CIE, change in estimate; LOS, length of stay; NA, not analyzable; OR, odds ratio; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.

Effect of undergoing TAVR, compared with undergoing SAVR, among patients who underwent TAVR.

Effect of undergoing TAVR, compared with undergoing SAVR, among patients who underwent SAVR.

Standardized morbidity ratio (SMR) weights were calculated using admit year, sex, age, race/ethnicity, individual components of the Charlson Comorbidity Index (CCI), primary insurance type, income, hospital region, hospital type, and hospital size; age was modeled as a restricted cubic spline; weights were trimmed using 1% and 99% cut points; Confidence intervals were estimated using the standard deviation calculated from 500 non‐parametric bootstrapping samples.

Compared with routine/home healthcare discharge.

After stratifying TAVR by approach (endovascular versus transapical), only endovascular TAVR was associated with shorter LOS (change in estimate −3.79 days, 95% CI −4.32, −3.25) and lower odds of AKI (OR 0.47, 95% CI 0.38, 0.59) or cardiogenic shock (OR 0.47, 95% CI 0.28, 0.80), but higher odds of PPM (OR 1.43, 95% CI 1.02, 1.99), compared with if SAVR was performed (Table [4](#jah33800-tbl-0004){ref-type="table"}). Both endovascular and transapical TAVR had lower odds of bleeding (OR 0.41, 95% CI 0.34, 0.48 and OR 0.67, 95% CI 0.53, 0.86, respectively) and blood transfusion (OR 0.30, 95% CI 0.25, 0.37 and OR 0.75, 95% CI 0.58, 0.97, respectively).

Additionally, when the cohort was standardized to SAVR patients (ie, the effect of TAVR among patients who underwent SAVR), similar results were seen (Table [4](#jah33800-tbl-0004){ref-type="table"}).

Discussion {#jah33800-sec-0014}
==========

This analysis of nationally representative data shows that TAVR use among octogenarians in the United States has been increasing since 2012 and accounted for 3 out of 4 aortic valve replacements in 2015. Despite a higher comorbidity burden, hospitalizations for TAVR, compared with those for SAVR, were associated with significantly higher proportions of home discharges, shorter LOS, and lower incidence of AKI, bleeding, blood transfusions, and cardiogenic shock, but higher incidence of PPM and vascular complications. The incidence of TIA/stroke and in‐hospital mortality did not differ between groups. After accounting for differences in patient and hospital characteristics, TAVR continued to be associated with significantly shorter average LOS and lower odds of AKI, bleeding, blood transfusions, cardiogenic shock, and transfer to skilled nursing facility, compared with if SAVR was performed. No differences in odds of PPM, vascular complications, or TIA/stroke were observed between groups in the standardized analysis.

These results are valuable for clinicians deciding between TAVR and SAVR in octogenarians, since both procedures are currently recognized as viable options.[7](#jah33800-bib-0007){ref-type="ref"}, [8](#jah33800-bib-0008){ref-type="ref"} This propensity score weighted analysis reflects a comparison between the effect of TAVR and the effect of SAVR among high‐risk patients and suggests that high‐risk octogenarians should receive TAVR for the above benefits. Even without adjusting for baseline characteristics, most in‐hospital outcomes were superior after TAVR than after SAVR. These associations remained consistent across low and high CCI score groups, except for LOS (significant reductions were still observed after TAVR in both groups), suggesting that these advantages of TAVR may apply to all octogenarians, irrespective of comorbidity burden.

The higher likelihood of home discharge, lower likelihood of transfer to skilled nursing facility, and shorter LOS, observed in our results for TAVR compared with SAVR, are especially important among octogenarians. Among geriatric patients, longer hospital stays have been associated with functional decline at discharge and at 1 month.[16](#jah33800-bib-0016){ref-type="ref"} Additionally among TAVR patients, discharge to a skilled nursing facility was an independent predictor of 30‐day readmission.[17](#jah33800-bib-0017){ref-type="ref"} Medicare beneficiaries who were hospitalized for heart failure and discharged to skilled nursing facilities also had higher rates of rehospitalization, as well as higher rates of all‐cause mortality, after adjusting for patient characteristics.[18](#jah33800-bib-0018){ref-type="ref"}

Randomized controlled trials have shown that TAVR is associated with lower risk of AKI, bleeding, and blood transfusions, and higher risk of PPM and vascular complications, compared with SAVR.[5](#jah33800-bib-0005){ref-type="ref"}, [6](#jah33800-bib-0006){ref-type="ref"}, [19](#jah33800-bib-0019){ref-type="ref"}, [20](#jah33800-bib-0020){ref-type="ref"} Our study affirms these conclusions in octogenarians using nationally representative data based on outcomes of procedures performed in more diverse hospital settings in patients with more heterogeneous clinical characteristics, likely making these results generalizable to the entire octogenarian population. Additionally, our results demonstrating a decline in the incidence of in‐hospital mortality over time among octogenarians receiving TAVR are concordant with results of studies based on nationally representative data from France and Germany.[21](#jah33800-bib-0021){ref-type="ref"}, [22](#jah33800-bib-0022){ref-type="ref"}

We observed significant declines over time in the incidence of AKI, bleeding, and blood transfusions after TAVR, which can likely be attributed to increased operator experience, better imaging and valve sizing, smaller delivery systems, and enhanced valve technology.[23](#jah33800-bib-0023){ref-type="ref"} Additionally, we detected a significant increase over time in the incidence of PPM after TAVR but there is conflicting evidence as to whether PPM after TAVR is associated with increased long‐term mortality.[24](#jah33800-bib-0024){ref-type="ref"}, [25](#jah33800-bib-0025){ref-type="ref"}, [26](#jah33800-bib-0026){ref-type="ref"}, [27](#jah33800-bib-0027){ref-type="ref"}, [28](#jah33800-bib-0028){ref-type="ref"} After stratifying by TAVR access, the improvements in LOS and discharge disposition, compared with if the patients had received SAVR, were observed only in the endovascular TAVR cohort. The outcomes of endovascular TAVR, compared with that of SAVR, have been further explored in a recent meta‐analysis of 30‐day outcomes, which found transfemoral TAVR to be associated with lower risk of atrial fibrillation and myocardial infarction.[29](#jah33800-bib-0029){ref-type="ref"}

While our secondary analysis of the effect of TAVR in patients who received SAVR, which represented an all‐risk population, showed that TAVR compared with SAVR was associated with shorter LOS and lower odds of transfer to skilled nursing facility and most complications (except for PPM), results from ongoing randomized controlled trials comparing TAVR and SAVR outcomes in low surgical‐risk patients are needed to definitively determine if an all‐surgical‐risk indication for TAVR in octogenarians is appropriate. Studies comparing longer‐term complication rates after TAVR versus SAVR specifically among octogenarians are also needed. Although bicuspid aortic valve disease is often considered to affect younger patients, a single‐center study found a 22% prevalence among octogenarians undergoing aortic valve replacement.[30](#jah33800-bib-0030){ref-type="ref"} Since patients with bicuspid aortic valves are often excluded from randomized controlled trials, further research in this specific patient population is also needed.

This study has several limitations. We were unable to calculate the Society of Thoracic Surgeons Predicted Risk of Mortality (STS‐PROM) or European System for Cardiac Operative Risk Evaluation II (EuroSCORE II) risk scores using NIS data but were able to subset our analyses to high‐risk patients by using SMR weighting. Using CCI as a proxy to assess risk level, we found that average CCI scores did not meaningfully change over the study period. Future TAVR research based on large databases should also use these statistical methods to remove patients ineligible for TAVR and appropriately account for risk level. NIS also tracks data at the hospitalization level rather than at the patient level. Since we were unable to determine if the sample included repeat observations of patients who underwent \>1 aortic valve replacement (TAVR or SAVR) during the study period, we interpreted results at the hospitalization level. There was also potential for coding errors, missing codes, and differences in coding practices across the hospitals included in NIS but these coding issues would likely be random and not differ between TAVR and SAVR groups. Excluding cases with concurrent coronary artery bypass surgery may have affected our selection of SAVR cases. Finally, *ICD‐9‐CM* coding prevented us from being able to differentiate between different endovascular approaches (eg transfemoral, transaxillary) and therefore, limited our stratified analysis.

In conclusion, our study suggests that among high‐risk octogenarians being considered for aortic valve replacement, TAVR may be preferable to SAVR, especially if an endovascular approach is an option, because of benefits including shorter LOS and lower likelihood of developing AKI, bleeding, or cardiogenic shock, or requiring a blood transfusion or transfer to a skilled nursing facility. Moreover, despite TAVR being performed in high‐risk patients, most in‐hospital outcomes favored TAVR when compared with SAVR performed in patients across the risk spectrum, even before accounting for risk and regardless of comorbidity burden. This suggests that TAVR may be preferred for all octogenarians, who are frail and have low physiologic reserve. However, additional research comparing outcomes after TAVR and SAVR among lower‐risk octogenarians is needed to support this claim.
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